A compilation of the diploid chromosome numbers and karyotype formulae of 30 species of the genus Pimelia from Morocco, Iberian Peninsula, Balearic and Canary Islands is presented. All species show a conservation of diploid numbers and karyotype formulae 2n ¼ 18 (8 + Xy p ) except for Pimelia cribra, Pimelia elevata, and Pimelia interjecta 2n ¼ 20 (9 + Xy p ) and Pimelia sparsa sparsa 2n ¼ 18 (8 + neoXY). The ancestral state for the genus Pimelia is suggested to be 2n ¼ 18 (8 + Xy p ) in accordance with a previously described phylogeny of these species based on mitochondrial and nuclear DNA. The derived state 2n ¼ 20 (9 + Xy p ) is present in a monophyletic clade, which originated about 2.5-5 Mya. The male meiotic formula 8 + neoXY found in P. sparsa sparsa seems to have originated by the reorganization of the Xy p pair resulting in two homomorphic sexual chromosomes and the lost of most of the heterochromatin from the former X chromosome. In all chromosomes C-banding revealed conspicuous pericentromeric heterochromatic blocks, except in the Y chromosome in most of the species, and in situ hybridization of satellite DNA probes revealed the correspondence between heterochromatin and satellite DNA. Finally, the possible role of heterochromatin and satellite DNA is discussed in relation to the uniformity of the Tenebrionidae a-karyology.
Introduction
A compilation of about 200 species of tenebrionid beetles, including many of the higher taxonomic categories within the family, showed a conservation of the diploid chromosome number (2n ¼ 20) and the male sex determining system (9 + Xy p ) in 65% of taxa sampled . These features are considered the ancestral condition for the coleopterans of the suborder Polyphaga. However, within Tenebrionidae most of the species of some tribes deviate from the modal value , such as the Akidini 2n ¼ 16 (7 + neoXY), Pimeliini 2n ¼ 18 (8 + Xy p ), and Blaptini mostly 2n > 30, and multiple sex-chromosomes. Moreover, most of the species studied have large and conspicuous heterochromatic blocks (positive C-bands) in the pericentromeric regions of all chromosomes of the Y chromosome (Juan and Petitpierre 1989; Petitpierre et al. 1995) . Several studies based on in situ digestion of chromosomes with restriction enzymes, and later using in situ hybridization, have demonstrated that these heterochromatic blocks are mainly composed of satellite DNA sequences (Juan et al. , 1993 . These satellites are composed of a single repetitive DNA sequence that is clustered in tandems, head to head, up to the megabase level (Pons et al. 2002a; submitted) .
The species of Pimelia Fabricius 1775 (Pimeliinae, Tenebrionidae) are flightless and saprophagous beetles found in the xerophilic southern regions of the Old World. Pimelia s. str., one of the five recognized subgenera, is a polyphyletic lineage with a wide adaptive radiation (Kwieton 1977) . From the primary evolutionary centre of dispersal, probably in the Syrian-Iranian region, a lineage colonized the Arabian Peninsula and later Egypt and Algeria (Kwieton 1977) . About 6-12 Mya, a secondary radiation presumably centred in Tunisia colonized Morocco and surroundings, Canary Islands, Iberian Peninsula and Balearic Islands. The subgenus Amblyptera is thought to be derived from a lineage of the northwestern African radiation of Pimelia s. str. (Kwieton 1977) . The 17 Pimelia species previously studied from that radiation Pons et al. 2002b ) have different diploid chromosome numbers: three species with 2n ¼ 20 (Pimelia cribra Solier, Pimelia elevata Se´nac and Pimelia grandis echidniformis Reitter) and the remaining have 2n ¼ 18. They also have different male meiotic formulae (13 species with Xy p , seven species with Xy r and P. sparsa sparsa with neoXY). The present report deals with the diploid chromosome numbers and the male meiotic formulae in 30 of the about 60 species described of the subgenera Pimelia s. str. and Amblyptera from Morocco (Antoine 1947) , Canary Islands (Oromı´and Garcı´a 1995; Machado and Oromı2 000), and Iberian Peninsula and Balearic Islands (Vin˜olas 1994) . Also investigated is the chromosomal location and composition of the heterochromatin in the northwestern African radiation of Pimelia species, which form conspicuous blocks, mainly composed of satellite DNA, in the pericentromeric regions of chromosomes in Pimelia sparsa sparsa and Pimelia radula ascendens (Pons et al. 2002b ). This attempt is to gain a better insight into the cytogenetic evolution within the tenebrionid genus Pimelia as a whole cohesive group. A molecular phylogeny of the northwestern African radiation of Pimelia beetles based on mitochondrial and nuclear gene markers (Pons et al. submitted , Fig. 1 ) should help to shed light on chromosome evolution within this group.
Materials and Methods
Sampling, chromosome preparation and C-banding
The taxa and collection localities are indicated in Table 1 . Adult male gonads were dissected, incubated in hypotonic solution 0.056% KCl with 0.01% colchicine for 20 min, and then fixed in ethanol : glacial acetic acid solution (3 : 1). Fixed gonads were stored at )20°C until chromosome preparation. Chromosome spreads were obtained from a J. Zool. Syst. Evol. Research 42 (2004) 81-85 Ó 2004 Blackwell Verlag, Berlin ISSN 0947-5745 small sample of fixed gonad squashed in 45% acetic acid. The coverslips were removed after immersion in liquid nitrogen, and the slides were air dried at room temperature. C-banding of chromosome spreads was performed according to Sumner (1972) with minor modifications.
In situ hybridization
Chromosome spreads were pretreated with RNase A in 2·SSC (300 mM NaCl, 30 mM sodium citrate, pH 7.0) for 1 h at 37°C, 0.005% pepsin in 10 mM HCl for 10 min, and dehydrated in an ethanol series (70, 90 and 100%) . Probes were labelled with biotin-16-dUTP (Roche, Lewes, UK) by nick translation. The hybridization mixture contained 4 ng/ll of labelled probe, 0.1 lg/ll denatured salmon sperm DNA, 0.1 lg/ll yeast RNA and 60% formamide. A 5 ll aliquot of this mixture was placed under a 18 · 18 mm coverslip. Denaturation of the probe and chromosomes were performed at the same time at 80°C for 3 min and hybridization was performed at 37°C overnight in a humid chamber. After hybridization, three stringent washings were performed in 50% formamide, 2·SSC at 37°C, each for 5 min. Immunological detection of the probe was performed using the anti-biotin-avidin-FITC (Vector Labs, Burlingame, USA) and antiavidin-biotin (Pierce Labs, Rockford, USA) system with two rounds of amplification (Pinkel et al. 1986 ). The chromosomal DNA was counterstained using propidium iodide. A Zeiss Axiophot photomicroscope with the appropriate set of filters for fluorescence was used for microphotography.
Results
All species showed a conservation of the diploid chromosome number 2n ¼ 18 ( Fig. 2a and d ) except for P. cribra, P. elevata and P. interjecta (2n ¼ 20) (see Table 1 ). Also, all species showed chromosomes of small size (1-4 lm), and the male meiotic formula 8 + Xy p (Fig. 2b , e and f) except P. cribra (Fig. 2i) , P. elevata, and P. interjecta (all three species with 9 + Xy p ) and P. sparsa sparsa (8 + neoXY, Fig. 2g ). Surprisingly, one individual of Pimelia laevigata costipennis showed a small supernumerary chromosome of tiny size in the approximately 50 metaphase I studied (Fig. 2f ). Other individuals of the same subspecies were studied but none of them showed that supernumerary chromosome. The diploid chromosome numbers and/or the male meiotic formulae of seven species have also been published elsewhere (see Table 1 , Pons et al. 2002b ), which our results further confirm.
Chromosome spreads of 25 of the 30 species included in this study (see Table 1 ) were subject to C-banding. Every species studied showed conspicuous heterochromatic blocks (C-positive bands) in the pericentromeric regions of all chromosomes except the Y chromosome (Fig. 2b-g ). However, Pimelia rugosa (Fig. 2e ) and Pimelia scabrosa (not shown) revealed a C-positive block in the Y chromosome. Interestingly, the Relative node ages were estimated calculating the ML branch lengths (GTR (General Time Reversible) + G (gamma) + I (invariants) model) on the MP tree and then made ultrametric by nonparametric ratio smoothing. The scale bar shows the calibration of absolute ages (My). Absolute node ages were estimated by constraining the split of Pimelia laevigata laevigata and Pimelia laevigata costipennis to 1 Mya as the island El Hierro, from where the latter subspecies is endemic, is not older than 1 Mya . The biogeographic regions are indicated in differentially shaded boxes and karyotypes are mapped on the tree. Karyotype data for outgroups were obtained from , and for the two unclassified species from Tunisia from Pons (1999) 82
Pons sexual chromosomes in P. sparsa sparsa (neoXY) show a dim C-positive bands in spermatogonial metaphase chromosomes ( Fig. 2d ) which are undetectable in pachytene (Fig. 2g) . C-banding was very useful in locating the centromeric regions, revealing metacentric, submetacentric and acrocentric chromosomes (see Fig. 2c and d) . The percentage length of C-banded heterochromatin was very difficult to measure as it varies remarkably within and between species because of the degree of chromatin condensation. For instance, in some taxa percentages are about 20% in pachytene ( Fig. 2c and g ), 50% in early metaphase (Fig. 2e) , and in late metaphase when condensation is greatest chromosomes are mostly heterochromatic ( Fig. 2b and d) . Chromosome spreads of 15 of the 30 species included in this study (see Table 1 ) were subject to in situ hybridization with satellite DNA probes to assess whether these are the main component of the heterochromatin (Pons et al. 2002b ). Satellite DNAs isolated previously for each species were used as probes (Pons et al. 2002a; submitted) . The probes revealed a very strong hybridization signal in the heterochromatic blocks and a correspondence between heterochromatin location and satellite DNA distribution ( Fig. 2h and i) . However, hybridization signal of satellite DNA sequences in the heterochromatic blocks of the Y chromosome in P. rugosa and P. scabrosa were ambiguous.
Discussion
The diploid chromosome numbers and sex-chromosome systems are known to be quite uniform across tenebrionids with modal values 2n ¼ 20 and 9 + Xy p , respectively . Nevertheless, the results of the present study and those published elsewhere Pons et al. 2002b) Fig. 1 ). These species are generally found on sandy beaches in northeastern Spain and Balearic Islands (P. cribra endemic from Mallorca, Menorca and Illot Colom, P. elevata endemic from Eivissa and Formentera, and P. interjecta from Catalunya). Another species from Morocco, P. grandis echidniformis, which neither was included in this study nor in the molecular phylogeny of the northwestern African radiation of Pimelia species, also shows the same derived karyotype 2n ¼ 20 (9 + Xy p ) . Since the clade that clusters the three species with the derived karyotype does not include any Moroccan species (see Fig. 1 ), and the sister subspecies Pimelia grandis latastei Se´nac has the modal value of Pimeliini 2n ¼ 18 (8 + Xy p ) , it is suggested that the derived state 2n ¼ 20 (9 + Xy p ) has appeared independently at least twice. The male meiotic formula 8 + neoXY occurs only in P. sparsa sparsa. Both the absence of the tiny Y chromosome in spermatogonial metaphases and the characteristic Xy p pair in the meiotic Table 1 . List of specimens, collection localities, diploid chromosome numbers (2n), and male meiotic formulae. The species indicated with an asterisk have been also outlined elsewhere Pons et al. 2002b) . The species in which C-banding and/or in situ hybridization of satellite DNA sequences were performed are indicated with a positive signal (+) metaphases suggest a reorganization of the sexual bivalent. The C-banding seems to indicate that this reorganization resulted in two similar chiasmatic sexual chromosomes (neoXY) and the loss of most of the heterochromatin in the former X chromosome (with only weak C-positive bands in the new sexual pair).
The Pimelia species and also other tenebrionids studied to date have large and conspicuous heterochromatic blocks in the pericentromeric regions of all chromosomes, except for the Y chromosome in most of the species (Petitpierre et al. 1995) . The percentages of heterochromatin in these tenebrionids (ranging from 20% to more than 50% of total chromosome length) are congruent with the percentages of satellite DNA: 20-45% in Pimelia species (Pons et al. 2002a; submitted) , and 20-50% in other tenebrionids (Petitpierre et al. 1995) . The molecular cytogenetic studies performed previously on tenebrionids (Juan et al. 1993) , and in the present one too, have demonstrated conclusively an intrinsic correspondence between constitutive heterochromatin and satellite DNA in Tenebrionidae. The high content of constitutive heterochromatin, and therefore satellite DNA, could be one of the factors explaining the low variation of the diploid chromosome number in Tenebrionidae as recombination is reduced in such highly condensed regions (Stephan 1989) , which could decrease the likelihood of centromeric chromosome rearrangements. A similar role for the satellite DNA of gobiid fishes (pCOB sequences) in preventing centric fusions has been proposed based on the fact that satellite DNA sequences are found only in the species not exhibiting Robertsonian biarmed chromosomes (Canapa et al. 2002) . Other beetle groups with low heterochromatin and satellite DNA content such as chrysomelids (Lorite et al. 2000 (Lorite et al. , 2002 show many chromosome rearrangements and a wide range of diploid chromosome numbers (generally from 2n ¼ 16 to 2n ¼ 40, Petitpierre et al. 1991) . Nevertheless, the great differences in gross karyology and genome sizes diversity between Tenebrionidae and Chrysomelidae may not be easily explained by one factor alone, and several other possible explanations have also been pointed out such as trophism, population size, and different reproductive strategies .
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Zusamenfassung
Diese Arbeit ist eine Untersuchung der diploiden Chromosomenanzahlen und Karyotypformeln von 30 Arten der Schwarzkaefergat- 
